debate (6) . The mechanical resistance of bone-implant can be measured with the torque. Although the mechanisms of study vary, all researchers evaluated the minimum removal torque values necessary to break the bone bond with the titanium implants. Once osseointegration has occurred, c. p. machined titanium screw implants produce torque-to-failure values up to 116 Ncm.6. These are related to implant length, width, apical geometry, surface, and composition, as well as to the time the implant is unloaded. The resistance to unscrewing an implant is also dependent on the amount of compact bone surrounding an implant.
The aim of this study is to determine the torque resistance of the implant-bone interface ofplasma sprayed titanium endosseous implants placed in rabbit tibia in three different situations.
, MATERIALS AND METHODS The successful clinical use of implants with micro rough titanium surfaces has paved the way for the further development of surface topographies to promote enhanced peri-implant bone apposition during the early stages of bone regeneration. The aim of this study is to determine the torque resistance of the implant-bone interface of plasma sprayed titanium endosseous implants placed in the rabbit tibia in three different situations. Hydroxyapatite (HA) particles with a size ranging from 250 to 450 um were used in the present study to fill out 6 mm bony defects created in rabbit tibia. Fourteen mature New Zealand white male rabbits, weighing about 2.5 Kg., were used in this study. The test sites were filled with HA and the non-grafted sites were used as control. A total of 28 bone defects (14 without HA and 14 with HA.) were created. Implants with plasma-spray surface were subsequently inserted. Six additional rabbits were used; in these animals no bone defects were created. The implant sites were divided into three groups: 1) implants inserted in the tibia without bone defects; 2) implants inserted in the tibia with bone defects not filled with HA; 3) implants inserted in the tibia with bone defects filled with HA particles. The purpose of this study is to measure reverse-torque in three different situations of clinically similar implant geometry in the articulation of rabbits. The null hypothesis stated that there is a difference in reversal torque between the bone regeneration with HA, native bone and bone defect without bone regeneration. Additionally, comparison between these 6-month data and the 3-month data from a previous study led to the following conclusions: a significant difference exists in the removed torque for the TPS implants in the bone regenerated by HA and native bone; increase in removal torque values was seen for the implant inserted in bone regenerated by HA compared to the implant nated in bone without biomaterials. In conclusion, bone regenerated with biomaterials possesses different mechanical characteristics to native bone.
Research studies have been published linking removal torque values to bone-titanium bond strength (I). The amount of bone at the interface seems to be one important factor. Johansson and Albrektsson (2) described an increased resistance to unscrewing up to 12 months for screw-shaped titanium implants inserted in the tibia and femur of rabbits. This was parallel to an increase in the bone-to-metal contact with time. A time-dependent increase of removal torque has also been demonstrated for implants placed in human mastoid bone (3) . Various grafting materials have been used for bone regeneration of defect: autologous bone, mineralized and demineralized freeze-dried allografts, coralline calcium carbonate, bioglass, polylactide-polyglicolide materials, synthetic polymers, calcium sulfate, anorganic bovine bone and hydroxyapatite (4) (5) . There is concern that some biomaterials may cause a foreign body reaction, and the ideal material for sinus augmentation is still under Committee of the University of Chieti-Pescara. Hydroxyapatite (HA) (FinGranule, Finceramica, Faenza, Italy) particles with a size ranging from 250 to 450 urn were used in the present study to fill out 6 mm bony defects created in rabbit tibia. Twenty-two mature New Zealand white male rabbits, weighing about 2.5 Kg., were used. The implants were inserted into the articular femoral knee-joint. Before the surgical procedure all animals were anesthetized with intramuscular injections of fluanizone (0.7 mg/kg b.wt.) and diazepam (1.5 mglkg b.wt.), and local anaesthesia was given using I ml of 2% lidocainladrenalin solution. A skin incision with a periosteal flap was used to expose the articular surface. The preparation of the bone defect was done with burs under generous saline irrigation. Each rabbit received two implants, one in each articulation. In the animals two 6.0 mm. bone defects were created in the femoral knee joint. The test sites were filled with HA and the non-grafted sites were used as control. A total of 28 bone defects (14 without HA and 14 with HA.) were created. Implants with plasma-spray surface (P.H.I., San Vittore Olona, Milano, Italy) were subsequently inserted. Six additional rabbits were used; in these animals no bone defects were created.
The implant sites were divided into three groups: I) implants inserted in the tibia without bone defects; 2) implants inserted in the tibia with bone defects not filled with HA; 3) implants inserted in the tibia with bone defects filled with HA particles. The periosteum and fascia were sutured with catgut and the skin with silk.
No rabbits were lost during the course of the study; and no complications occurred. Ten animals were killed after 4 and ten 8 weeks, with an intravenous injection of Tanax, and the block sections, containing the bone defects, were retrieved. with a diamond disk, and the surrounding tissues were washed in saline solution and immediately fixed in 4% para-formaldehyde and 0.1% glutaraldehyde in 0.15 M cacodylate buffer al 4°C and pH 7.4, for two days. The specimens were processed to obtain thin ground sections with the Precise I Automated System (Assing, Rome, Italy) (7). The specimens were dehydrated in an ascending series of alcohol rinses and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany). After polymerization the specimens were sectioned along their longitudinal axis with a high-precision diamond disc at about 150 urn and ground down to about 30 um with a specially designed grinding machine. A total of 3 slides were obtained for each implant. The slides were stained with acid and basie fuchsin and toluidine blue. The slides were observed in normal transmitted light under a Leitz Laborlux microscope (Leitz, Wetzlar, Germany). Histomorphometry of percentage of anorganic bovine particles, percentage of lamellar and woven bone, percentage of marrow spaces and bone-implant contact percentage was carried out usinga light microscope(LaborluxS, Leitz,Wetzlar, Germany) connected to a high resolution video camera (3CCD, NC KY-F55B) (NC®, Yokohama, Japan) and interfaced to a monitor and PC (Intel Pentium III 1200 MMX) (Intel®, Santa Clara, CA, USA). This optical system was associated with a digitizing pad (Matrix Vision GmbH, Oppenweiler, Germany) and a histometry software package with image capturing capabilities (Image-Pro Plus 4.5, Media Cybernetics Inc., Immagini & Computer Snc Milano, Italy). The birefringent organization of bone collagen fibers, determined under polarized-light microscopy, was used to distinguish lamellar from woven bone.
Data Analysis. The differences in the percentage of bone contact and torque values between each were evaluated. The BIC percentages and torque values were expressed as the means ± standard deviation and standard error. The differences between the 3 groups were analyzed by analysis of variance (ANOVA), and statistical significance of multiple comparisons was evaluated using the Fisher PLSD and Scheffe F tests. Significance was set at P:S .05.
RESULTS
Implants inserted into Bone defects not filled with HA. 4 weeks: The aspect of the defect after the specimen was collected demonstrated the dimensions of the defect created by the trephine bur. The defect was filled with red soft tissue. The histological section ofthe implant placed in the articulation showed a small quantity of newly formed bone and near the implant surface no osteoblasts were present. Connective tissue could be observed around the titanium surface. At higher magnification, no osteoblasts or osteoclasts were present in the margins of the defects; some newly formed bone trabeculae were present with a direction toward the implant surface, but not in contact with it. The amount of force necessary to break the bond at the interface was 3.3 ± 0.6 N/cm; one implant was mobile and the force applied to insert the measuring instrument was enough to remove it. Histomorphometry showed 7 ± 0.2% of bone-implant contact.
8 weeks: The macroscopic aspect of the specimens revealed the presence of red tissue with soft consistence. At low magnification it was possible to observe bone remodeling at a distance from the titanium surface, and a few osteoblasts (Fig. I) . Most of the implant perimeter was surrounded by dense connective tissue with few cells (Fig. 1) . Multinucleated or inflammatory cells were observed in contact with the titanium surface or inside of the connective tissue. Some bone trabeculae were in contact with the titanium surface and reached the margin of the defect. The bone trabeculae in contact with the titanium surface were present in the coronal part or in the most apical part of the implant. At the margin ofthe defect a remodeling zone could be observed. No fibroblasts were present. The mean value of the force needed to move the implant was 5 ± 1.2 N/cm and the percentage of boneimplant contact was 12 ± 0.2 %.
Implants inserted into Bone defects filled with HA.
4 weeks: Macroscopically, a connective, fibrous tissue was observed in contact with the implant, and in some specimens it was also possible to distinguish some particles of HA. At low magnification, numerous particles of HA were surrounded by newly formed bone. The bone surrounded the implant and was in contact with the implant surface. In some areas the interface was composed by a small amount of bone that was interposed between the HA particle and the implant. The bone in 
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contact with the titanium surface was strongly stained with acid fuchsin and had wide osteocyte lacunae. Some HA granules were undergoing resorption and were being gradually substituted by new bone. The bone trabeculae in contact with the implant surface were narrow and only in a few areas were wider.. In some areas mono-and multinucleated cells with phagocytic activity could be observed; these cells were in contact with the implant surface and with the HA. No connective tissue was in contact with the titanium surface. , In the external area of the defects, mature compact bone was observed. No particles seemed to be surrounded by connective or inflammatory tissue. The mean force to remove the implant was 16.4 ± 3.2 N/cm and the percentage of the bone-implant contact was 31.5 ± 3.2%. 8 weeks: Macroscopically, no defects and no HA particles were observed. It was not possible to observe the margins of the defects. At low magnification, no major differences were observed from the 4 week specimens, and many HA particles could be observed surrounded by bone (Fig. 2) . No connective tissue was found at the implantbone interface and no inflammatory cells were observed. At higher magnification, it was possible to see bone in contact with the titanium surface (Fig. 2) . The size of the HA particles seemed to be smaller and some were almost completely substituted by new bone. The margins of the defects were easily recognized due to the higher staining affinity of the newly formed bone. In some areas, many osteoblasts were secreting new osteoid matrix directly on the implant surface or over the surface of the HA granules. In some areas, HA particles in contact with the implant and newly-formed bone were present. In some areas, osteoclast-like cells were in contact with the HA particles. The mean force applied to remove the implants was 25.8 ± 3.2 N/cm and the bone-implant contact was 43 ± 3.3%.
Implants inserted in sites without bone defects. 4
weeks: Mature bone was in contact with' the titanium surface. Only in few areas the presence of osteoblasts secreting osteoid matrix was seen. The bone surrounding the implant presented with small marrow spaces; only a few areas of bone remodelling were present. The mean force applied to remove the implant was 39 ± 4.2 N/cm and the bone-implant contact was 45 ± 2.4%.
8 weeks: At low magnification, no major differences were observed from the 4 week specimens. At higher magnifications, only a few osteoblasts were presented (Fig. 3) . The size of the marrow spaces was reduced, and only a few remodelling areas were present (Fig. 3) . The mean force applied to remove the implant was 47 ± 3.1 N/cm and the bone-implant contact was 68 ± 4.2%.
Statistical evaluation. A statistically significant difference could be detected in bone implant contact and torque values between group 3 vs group 2 and I. (P= 0.0013), Table I .
DISCUSSION
The purpose of this study is to measure reverse-torque in three different situations of clinically similar implant geometry in the articulation ofrabbits. The null hypothesis was that there were differences in reverse torque between the implants inserted in bone regenerated with HA, in bone defects without HA, and in native bone. The results show that the torque removal for the implants placed in native bone was greater than the implants with defects grafted with HA and those without any treatment. Interestingly, the HA treated defects presented a greater torque removal than the implants that had not received any graft. ' Torque removal forces have been used as a biomechanical measure ofanchorage or osseointegration in which the greater forces required to remove implants may be interpreted as an increase in the strength ofosseointegration (8) . The implant surface has been shown to affect removal torque values (9) . Removal torque values have been compared between different surfaces of titanium implants (10) . Roughened implant surfaces are thought to enhance osseointegration. It has been demonstrated that the removal torque values of sites grafted with autogenous bone are greater than nongrafted sites (11). In a recent study, a disc-shaped bone graft was harvested from the calvarium in rabbits and anchored as an onlay bone graft, using a titanium implant, at the proximal tibial metaphysic (12). The contralateral tibia served as the control, where an implant was placed without a graft with the implant head at a height corresponding to the thickness of the graft on the test side. The mean peak removal torque for the test implants was 50.4 ± 10.0 Ncm and 30.0 ± 6.9 Ncm for the control implants, which was a statistically significant difference. It is concluded that the integration of titanium implants in autogenous onlay bone grafts results in an increased biomechanical support of the implant. Our study also shows that grafted sites give better results than non-grafted ones. HA grafted sites demonstrated a greater removal torque value when compared to non-grafted sites. There was a positive correlation between the increase in bone contact and healing time. The morphometric analysis likewise showed a greater percentage of bone contact on the grafted sites. The findings of this study may also be significant for the clinical situation, since there seems to be a correlation intraorally between both bone type and quality and implant success. The survival rate for unloaded implants is lower in the maxilla, which often lacks a thick and distinct layer of compact bone, but has considerable cancellous bone. According to the present findings, the amount of bone in the regenerated bone may be critical for the fixation of titanium implants in regions with regenerated bone. The purpose of this study is to measure reverse-torque in three different situations of clinically similar implant geometry in the articulations of rabbits. The null hypothesis stated that there is a difference in reversal torque between the bone regeneration with HA, native bone and bone defect without bone regeneration. Additionally, comparison between these 6-month data and the 3-month data from a previous study led to the following conclusions: I. A significant difference exists in the removed torque for the TPS implants in the bone regenerated by HA and native bone; 2. Increase in removal torque values was seen for the implant inserted in bone regenerated by HA compared to the implant nated in bone without biomaterials. In conclusion, the bone regenerated with biomaterials possesses some different mechanical characteristics to native bone.
